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Maleic chitosan synthesis Synthesis process of maleic chitosan was previously described in the paper 1 and associated SI.
Proline Chitosan Synthesis
Proline chitosan was synthesized based on the formation of amide bond between carboxyl group and primary amines 2 . Medium molecular weight chitosan powder (1 g) was added into 200 mL 1% (w/v) acetic acid solution. The mixed solution became transparent after stirring overnight at room temperature. Proline solid (4.1 g, 4-fold in molar ratio of sugar units) and 6.8 g 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) were then dissolved in deionized water. The proline mixture was slowly added into chitosan solution, and the pH was adjusted with 0.1 M NaHCO 3 . The reaction took place while stirring at 60 °C for 24 hrs. The product was dialyzed in deionized water (MWCO 12, 000) for 5 days to eliminate the free acetic acid, NaHCO 3 and isourea. The solution was finally lyophilized for 3 days to obtain proline chitosan. Proline Chitosan Characterization FTIR analysis was performed to ascertain the success of the synthesis reaction. The IR spectrum of proline chitosan was compared with chitosan. Both chitosan and proline chitosan powder were mixed with KBr (sample/KBr 1:100 w/w), and then compressed into pellets. FTIR spectra were obtained with a Bruker Vector 33 FTIR spectrophotometer. As shown in Fig. S2 ., the peaks representing chitosan at 3450 cm -1 (O-H stretching), 1655 cm -1 and 1630 cm -1 (amide I), 1160 cm -1 (bridge oxygen stretching), 1070 cm -1 and 1030 cm -1 (C-O stretching) are present in both samples 3 . But the peak intensity of amide I is much stronger than C-O stretching in proline chitosan compared with chitosan, which is indicative of the amide bond formation resulting from the reaction between carboxyl groups of proline and primary amines of chitosan. H NMR analysis was also done with proline chitosan. But the signal from amide bond is too small to compare with the proton signals from the chitosan backbone.
The degree of substitution (DS) can also be determined from FTIR using the peak area ratios of A 1655,-NH-/A 1070,C-O , following previous literature procedures 4 . The absorption intensities of amide I (1655 cm -1 ) and C-O stretching (1070 cm -1 ) were measured respectively on the baseline from 1800 cm -1 to 1600 cm 
Figure S2 FTIR spectra of chitosan (black) and proline chitosan (red).

Two terminal device measurements with H + , OH -, and intrinsic polysaccharide proton wires
We test the conductivity of maleic chitosan, proline chitosan, and chitin with 1x1 cm 2 PdH x contacts. Chitin is considered to be an intrinsic proton conductor (Fig S3 (a) ). Device preparation was performed as follows: 2 mL of 0.5 wt% chitin/HFIP solution was dropped onto a clean Teflon mold. 4 After drying for about one hour, the samples formed a thin-film layer on the Teflon plate. The films were then carefully peeled off and stored for measurement.
2 mL of 3.5 wt% maleic chitosan and proline chitosan aqueous solution was dropped onto a clean Teflon mold separately. After drying for 8 hours, the samples completely dried and formed a thin-film layer. The films were then carefully peeled off from the Teflon substrate.
Two-terminal devices were fabricated by sandwiching a polysaccharide thin film between two palladium contacts (1x1cm 2 ), measured in 75% RH and a 5% hydrogen atmosphere. Qualitatively, the conductivity of maleic chitosan (H + -doped) and proline chitosan (OH --doped) is higher than chitin (intrinsic) (Fig. S3) as expected.
As a control, separate measurements were conducted either with gold contacts or with Pd not exposed to H 2 for proline chitosan film. Both Au and Pd are poor proton conductors and better electronic conductors compared to PdH x . The current for PdHx is higher than Pd or Au contacts ( Fig. S3 (d) ). In order to verify the formation of the hydrogen bonded network in proline chitosan, the electrical dependence of proline chitosan on the humidity is showed in Fig S4 .
Measurement was done with a two-terminal PdH x sandwiched proline chitosan thin film device and tested in 5% H 2 atmosphere. As expected, a higher humidity results in a more thoroughly hydrated device and an increased current. Measurements were conducted up to 75% humidity; above this level water condensation results in dramatic hysteresis and noise. 
H + -FET and OH --FET channel morphology
The polysaccharide samples on the devices were imaged using atomic force microscopy (AFM) tapping mode. AFM was performed with a Veeco Multimode V and a Nanoscope IV controller using Veecoprobes Sb-doped Si cantilevers (ρ = 0.01-0.025 Ω-cm, k = 40 N/m, ν ~ 300 kHz). Maleic chitosan (Fig. S5 a) was composed of selfassembled nanofibers on the substrate, and proline chitosan (Fig. S5 b) showed an amorphous film structure. Nanofiber formation on the device made a better connection between two electrodes by forming a better-organized proton transportation network, which contributed to the higher current level and proton mobility for H + device compared that of OH -device.
Figure S5
Atomic force micrograph of a). maleic chitosan after partial dissolution in water to highlight the surface morphology; b) proline chitosan. Scale bar 200 nm.
